Background: To estimate the prevalence of shaking and smothering and to determine risk factors in a populationbased sample of mothers with 4-month-old infants in Japan. Methods: We administered a questionnaire to women who participated in a 4-month health checkup program in Aichi Prefecture, Japan (n = 6487; valid response rate, 66.8%), and assessed frequency of shaking and smothering during the past 1 month, as well as maternal, infant, and familial characteristics. Associations of shaking, smothering, and either shaking or smothering with possible risk factors were analyzed using multiple logistic regression. Results: Self-reported prevalence of shaking, smothering, and either shaking or smothering at least once during the past month was 3.9% (95% confidence interval [CI], 3.5%-4.4%), 2.7% (95% CI, 2.3%-3.1%), and 5.4% (95% CI, 4.9%-6.0%) respectively. Several different risk factors were found for shaking and smothering. Risk factors for either shaking or smothering were age 34 years or younger (especially 24 years or younger), age 40 years or older, full-time working, later attendance at 4-months health checkup, primiparity, living in a detached house, living on the 2nd floor or higher (especially on the 10th floor or higher), economic adversity, perceived excessive crying, and postpartum depression. Protective factors against infant abuse were living in a four-room house and having a larger number of people to consult with. Conclusions: Self-reported prevalences of shaking and smothering among mothers in Japan were similar to prevalences reported in western countries. These finding may be useful for identifying mothers at increased risk of shaking and smothering their infants.
INTRODUCTION
Shaken baby syndrome (SBS) or abusive head trauma (AHT) is the leading cause of death due to child abuse. 1 To prevent SBS/AHT, the risk factors for shaking need to be determined. Well-known risk factors for shaking include frustration due to inconsolable crying, 2 young infant age, 3, 4 young maternal age, multiple births, having a male infant, 5 and economic adversity. 6 However, other potential risk factors, such as living environment, have not been well described.
When discussing SBS/AHT, definition is crucial. Adamsbaum et al reported that, in more than half of cases admitted for SBS, the infant had been shaken by the perpetrator on at least one prior occasion. 7 This suggests that the ascertainment of SBS/AHT cases could occur before caregivers shake their infant repeatedly and severely enough to manifest clinical symptoms that lead to hospitalization. As such, it is important to understand shaking behavior that occurs prior to clinical assessment. Therefore, it is necessary to identify the characteristics of mothers who are at a high risk of shaking their infant using a community sample. In a Dutch study, 8 1.3% and 3.4% of parents of 3-and 6-monthold infants, respectively, reported that they had shaken their infants at least once. In this study, we aim to identify prevalence of shaking and its risk factors in Japan, where housing in relatively small and high-rise apartment complexes are common. 9 Such living arrangements might contribute to increased maternal frustration about crying and may be a factor in infant shaking.
Like shaking, smothering is also a form of life-threatening child abuse 10, 11 ; however, its prevalence and risk factors have not been widely reported. In the Netherlands, the cumulative rate of self-reported smothering was reported by 1.6% of caregivers of 6-month-old infants. 8 However, the prevalence of smothering is of interest in Japan because Japanese caregivers tend to be anxious that an infant's crying may disturb cohabitants (eg, grandparents) or neighbors in close proximity. 12 As with shaking, Japan's dense, small apartments may also contribute to the risk of smothering.
The purpose of this study was to estimate self-reported prevalences of shaking and smothering and to determine risk factors in a population-based sample of mothers of 4-monthold infants in Japan.
METHODS Sample
All 54 municipalities in Aichi Prefecture were invited to participate, and 45 municipalities, including Nagoya City-the capital city of Aichi Prefecture-agreed to join this study. Aichi Prefecture is located between Tokyo and Osaka in Japan and had a population of approximately 7.4 million with 67 913 births in 2012. The combined population of the participating municipalities covers 80% of Aichi Prefecture's total population. The target subjects were all mothers (n = 9707) who were enrolled in a 3-or 4-month health checkup program between October and November 2012 in participating municipalities. An anonymous questionnaire was mailed directly to the target women before the start of the health checkup program, and responses were collected during each health checkup in 34 municipalities. In the remaining 11 municipalities, questionnaires were distributed during the 3-or 4-month health checkup, and the participants' responses were returned by post to each health center. Overall, the participation rate for the 3-or 4-month health checkup in Aichi Prefecture was 97.9%. In total, 6590 women responded (response rate, 68%; range among municipalities, 24.2%-81.0%). Our study was approved by the ethics committee of the National Center for Child Health and Development, which determined that it was unnecessary to obtain consent from participants given that responding to the anonymous questionnaire already implied consent to participate in the study.
Shaking and smothering measures
The questionnaire assessed whether participants had shaken or smothered their infant in the past 1 month. The following question was asked (in Japanese) about frequency of shaking behavior: "When your child is crying and making a scene, how many times have you violently shaken your child in the past 1 month?" with possible responses of "0 times," "1 or 2 times," "3-5 times," "6-10 times," and "11 or more times." Because the term 'shaking' may be misunderstood as 'rocking' in Japanese, we instead used the Japanese term for 'violently shaking' in the questionnaire. The following question was specifically asked about smothering: "How many times have you ever covered the mouth of your baby when crying, using your hands, a cushion, etc in the past 1 month?" The same response items as those for shaking were used to assess smothering frequency. ). Perceived amount of infant crying was assessed based on the response to the question, "Does your baby cry a lot?" using a 4-point Likert scale, with 1 indicating "not at all" and 4 indicating "yes, a lot." Following the results of a previous community study in Japan, we defined postpartum depression as having an EPDS score of 9 or higher.
Risk factors
14 Regarding subjective economic situation, due to the low percentage of respondents choosing "unstable" (2.5%), "difficult to manage" and "unstable" were collapsed for further analysis. Similarly, the responses on perceived amount of crying of "a lot" and "to some extent" were also collapsed, due to the low percentage of respondents choosing "a lot" (5.1%).
Analysis
We excluded questionnaires that contained a non-valid response to questions about shaking and smothering (n = 103), resulting in a sample size of 6487 women. Shaking or smothering responses were dichotomized, with a frequency of zero times defined as a "no" response and a frequency of one or more times defined as a "yes" response. The associations between possible risk factors and shaking, smothering, and either shaking or smothering were analyzed using multiple logistic regression. In addition to an initial bivariate model, we calculated a multivariate model (model 1) that adjusted for parental demographics (maternal age, marital status, and maternal employment status), obstetric history (miscarriage, induced abortion, and fertility treatment), infant characteristics (age in weeks, sex, birth weight, gestational age, multiple birth or not, delivery method, and birth order), and household characteristics (living with grandparents or not, house type [ie, detached house or apartment, and, if apartment, level of living floor], number of rooms, and subjective socioeconomic status), and another multivariate model (model 2) that adjusted for the postpartum situation at 4 months (feeding status, number of persons to consult with, perceived frequent infant crying, and postpartum depression), in addition to the covariates included in model 1. Paternal age was not used due to multicollinearity with maternal age. For analysis of the association with either shaking or smothering, we further stratified by region (Nagoya City or other cities). All analyses were conducted using Stata/MP v12.0 software (StataCorp, College Station, TX, USA).
RESULTS
Participant characteristics are presented in Table 1 . Most women were 25-39 years old (87.5%), married (98.6%), and not working (78.0%). Most infants were aged 13-20 weeks, but some visited the clinic for their health checkup earlier (5.3%) or later (2.2%) and so were slightly younger or older. Around 13% of infants were living with grandparents, and 58% were living in an apartment complex. Regarding economic status, 11% reported that their finances were difficult to manage or unstable. A total of 23% of mothers perceived their infant's crying as "a lot" or "to some extent". Participants considered at risk of having postpartum depression (ie, an EPDS score ≥9) represented 9.5% of the sample. In Nagoya City, 3.8% of women lived on the 10th floor or higher, compared to 1.0% in other cities (P for chisquare <0.01). Further, the percentage of women living with grandparents was lower in Nagoya City than other cities (9.4% vs 15.2%, P for chi-square <0.01). Table 2 shows the association of the prevalence of shaking and smothering frequencies. The overall prevalence of shaking at least once during the past 1 month was 3.9% (95% confidence interval [CI], 3.5%-4.4%). The overall prevalence of smothering at least once during the past 1 month was 2.3% (95% CI, 1.5%-3.1%), and the prevalence of infant abuse (ie, either shaking or smothering) was 5.4% (95% CI, 4.9-6.0%). We also found a high comorbidity rate: 80 cases out of 255 shaking mothers also smothered their infant (31.4%), and 80 cases out of 178 smothering mothers also shook their infant (44.9%).
Odds ratios (ORs) of possible risk factors for shaking at least once during the past 1 month are shown in Table 3 . Maternal age <29 years (compared to those aged 35-39 years), maternal full-time work, no history of miscarriage, later attendance at the 4-month health checkup (compared to those who attended when their children were aged 13-20 weeks), and primiparity were associated with shaking, while child's sex, low birth weight, being a preterm birth, being a multiple birth, and delivery method were not associated with shaking. Regarding living environment, mothers living on the 10th floor of an apartment complex or higher were 3.47 (95% CI, 1.48-8.15) times more likely than mothers living on the ground floor to have shaken their infants. Further, mothers living in a home with four rooms were less likely to shake their infants than mothers living in a three-room home, even after adjustment for economic status and postpartum situation (OR 0.58; 95% CI, 0.38-0.88). Economic adversity, mixed feeding (in comparison with breastfeeding only), a perceived larger amount of infant crying, and postpartum depression were also independently and significantly associated with shaking.
ORs of possible risk factors for smothering at least once during the past 1 month are shown in Table 4 . As with shaking, younger mothers (<19 or 20-24 years old) were more likely to smother their infants than those aged 35-39 years (OR 8.54; 95% CI, 2.82-25.9 and OR 2.36; 95% CI, 1.26-4.42, respectively). Infant characteristics conducive to smothering were the same to those conducive to shaking (later attendance at 4-month health checkup and primiparity). In terms of the living environment, mothers living on the 10th floor or higher and on the 2nd to 9th floor of an apartment complex were 5.90 (95% CI, 2.38-14.6) and 2.00 (95% CI, 1.20-3.35) times more likely to smother their infants than mothers living on the ground floor. In contrast to shaking, the number of rooms, subjective socioeconomic status, and feeding type were not associated with smothering. As with shaking, perceived larger amount of infant crying and postpartum depression were both independently and significantly associated with smothering. Further, we found that having 6-10 persons to consult with compared to 0-5 persons was a significant protective factor against smothering (OR 0.65; 95% CI, 0.46-0.93). Table 5 shows the ORs of possible risk factors for either shaking or smothering, among all participants as well as stratified by Nagoya city and other cities in Aichi Prefecture. In Nagoya city, the prevalence of either shaking or smothering was 4.5%, which was significantly lower than the prevalence in other cities (6.0%) (P = 0.01). Among all participants, in addition to younger maternal age, mothers aged ≥40 years were 2.00 (95% CI, 1.11-3.60) times more likely to shake or smother their infant in comparison with mothers aged 35-39 years. Further, full-time working, later attendance at 4-month health checkup, primiparity, living in a detached house, living on the 2nd to 9th floor or 10th floor or higher in an apartment, living in a three-room house (in comparison to a four-room house), economic adversity, having a limited number of people to consult with, perceived larger amount of crying, and post-partum depression were significantly associated with infant abuse. These associations with shaking or smothering, especially the association of living on the 10th floor or higher in an apartment, were retained after stratification by Nagoya City and other cities. ). The frequencies of these abusive behaviors were significantly correlated, suggesting that they share the same or similar triggers, contexts, and risk factors. Indeed, a number of risk factors were similar, including young maternal age (<24 years old), living on the 10th floor or higher of an apartment complex, perceived excessive infant crying, and postpartum depression. Older infant age (more than 21 weeks compared to 13-20 weeks) was also associated with both shaking and smothering. This association could be due to the fact that mothers who visit the health checkup later than scheduled may be more prone to poor parenting, including abuse.
To our knowledge, the present study is the first to report on the prevalence of shaking and smothering among a large, prefecture-wide population sample in Japan, where small living arrangements could increase frustration due to infant crying (a known trigger for shaking and a possible trigger for smothering). Apartment complexes are common 9 in Japanese housing, and detached houses are small compared to houses in western countries. On the other hand, infant crying is relatively accepted in Japan. There is a Japanese proverb, "a crying baby grows well", which leads mothers to positively embrace infant crying. These factors may balance each other and explain why the prevalence of shaking in our study was similar to that reported in previous studies in the Netherlands (1.3% and 3.4% of parents of 3-and 6-month-old infants 8 ) and the United States (2.6% of parents of <2-year-old children 15 ). Further, consistent with previous studies in western countries, 3, 4 perceived infant crying as more than 'not at all' was associated with shaking. In the Dutch study, parents who were worried about their child crying sometimes or frequently were 3.05 times more likely to shake their infant than those who never worried about their child crying. 8 Although crying frequency was not assessed objectively in our study, it is important to note that the caregiver's perception of crying frequency is relevant for shaking.
Further, our findings reveal that living on or above the 2nd floor of an apartment complex, especially on the 10th floor or higher, is an independent risk factor for shaking and smothering. The higher risk for those living on the 10th floor or higher may be because the higher floors are quieter, with less traffic noise. 16, 17 Mothers might be more sensitive to the sound of infant crying, which may induce shaking or smothering. Moreover, mothers living on a higher floor may be reluctant to go out, 18 which might contribute to increased stress from crying or parenting in general. Further studies that investigate noise level by floor, activities with infants (eg, going out for a walk and stress of parenting), and frustration due to crying are warranted. In addition, living in a detached house was a risk factor for shaking and smothering after adjustment for subjective socioeconomic status. This association might be due to worrying about bothering neighbors due to infant crying, because people living in detached houses are more likely to have enriched neighborhood relationships. 19 We also found that younger mothers (<25 years old) were at higher risk for shaking and smothering than older ones. This finding is consistent with that of previous studies assessing the risk factors for hospitalized AHT/SBS cases 5 or infant homicide cases in the United States. 20 Based on this evidence, we recommend defining a young mother at high risk for shaking or smothering their infant as a woman aged 24 years or less (ie, not only less than 20 years of age).
In addition, we found that mothers who are 40 years or older are twice as likely to shake or smother their infant as those aged 35-39 years. This could be due to older mothers being more easily physically stressed, especially when they are dealing with their first child. Further, it is likely that older mothers, who are more likely to have been working full-time and are used to controlling their job, find child-rearing more stressful than younger ones.
We also found that subjective economic status was associated with shaking, which is consistent with previous studies on infant shaking. 21, 22 Past research that reported an association between poverty and SBS/AHT was based on neighborhood deprivation, not on individual socioeconomic status. 21, 22 Thus, our finding that perception of poverty measured at the individual level can be a marker to detect risk of shaking is novel and suggests that promotional materials on shaking or smothering prevention that target poor families are needed.
The association between postpartum depression and shaking is consistent with previous studies investigating the association between postpartum depression and stress due to crying. 23, 24 Crying, especially excessive or inconsolable crying, is a trigger for shaking 3, 4 and smothering by caretakers, 8 who behave this way in an attempt to stop the infant from crying. 7 Further, we confirmed that postpartum depression per se is an independent risk factor for shaking and smothering, regardless of the perceived amount of crying. Depressed mothers might have lower thresholds of patience for infant crying. We also found that maternal full-time working status was an independent risk factor for shaking, but not for smothering. The increased risk of shaking is likely due to accumulation of stress during early infancy: working full time in addition to taking care of a 4-month-old infant induces a large amount of stress 25 and increases the risk of shaking. We failed to detect an association between full-time working and smothering, which has also not been reported in previous studies; however, this could be due to mothers who work full-time having higher education attainment and being more likely to know the danger of smothering, as it is easy to imaging that smothering an infant's mouth could stop his/her breathing.
The inverse association between experience of miscarriage and shaking could be due to mothers who have experienced miscarriage parenting differently from mothers without such experience, although research on this association is scare. 26 It has been reported that women who have experienced infant loss tend to be distant with children born later, 27 which may be associated with the protective effect of experience of miscarriage against shaking.
Whatever the mechanism, future prevention efforts should target mothers who have risk factors for shaking and smothering that are amenable to change. For example, public health nurses should approach mothers who are at risk of postpartum depression (eg, those who had a positive screen using the EPDS) and provide emotional support. Further, mothers who are living on higher floors should be carefully monitored for shaking and smothering, and they should be encouraged to find opportunities to leave their house more often, especially if frustrated by their infant's crying. Educational material on how to deal with infant crying to prevent shaking and smothering should be provided to these high-risk mothers, which could be delivered through public health home visit programs, such as Home Visit Service for Newborns or Home Visit Project for All Infants. 28 The effectiveness of these activities should also be evaluated in terms of prevention of infant abuse.
Several limitations to the present study need to be mentioned. First, shaking and smothering were self-reported, not based on more objective measurements, such as video recordings or diary records. However, this is similar to previous studies that have used self-administered questionnaires to assess the prevalence of shaking and smothering. 8, 29 In addition, we confirmed the robust association between self-reported shaking and smothering and amount of perceived crying, which is one of the established risk factors, [2] [3] [4] suggesting that self-reported shaking and smothering measurement had good criterionrelated validity. Second, cases of shaking and smothering might have been misclassified, although we attempted to reduce this error by clearly defining 'shaking' and 'smothering' in the questionnaire. The interpretation of shaking might be different in Japanese culture 29 ; for this reason, we defined 'shaking' as "violent shaking while the infant is crying". Third, we assessed the prevalence of shaking and smothering in one prefecture, which is not a representative sample of Japan and may influence the generalizability of our findings. Therefore, further study is warranted to replicate the prevalence of and risk factors for shaking and smothering, using larger representative sample populations in Japan. Fourth, although we conducted a population-based survey, some participants did not respond to the survey. This might have resulted in under-or overestimation of the prevalences of shaking and smothering if these behaviors were more or less prevalent among nonrespondents. In this study, we excluded participants who did not provide valid responses on shaking or smothering; since these excluded participants were of younger maternal age and more likely to be primiparous than the included participants, it is likely that we underestimated our findings due to selection bias. Thus, further study is warranted to investigate the shaking and smothering behaviors among caregivers of 4-month-old infants at the time of routine postnatal health checkups.
In conclusion, the prevalence of self-reported shaking and smothering in Japan was consistent with that in western countries. Risk factors for both shaking and smothering were younger maternal age, living on the 10th floor of an apartment complex or higher, perception of excessive infant crying, and postpartum depression. Hence, we suggest that educational materials on how to manage stress and frustration due to infant crying and the dangers of shaking and smothering be provided to high-risk women during prenatal or postnatal care. Further study is needed to replicate and elucidate the risk factors for shaking and smothering in other cultures.
